O n a population basis, radiation exposure from medical imaging substantially increases cancer risk. Nearly 40% of the medical radiation exposure to the US population (excluding therapeutic radiotherapy) is related to cardiovascular imaging and intervention.
Einstein and colleagues are to be applauded for bravely tackling this difficult problem from within the nuclear cardiology profession. With the support of the leadership of the American Society of Nuclear Cardiology (ASNC), they surveyed a sample of ASNC members on their use and knowledge of nuclear stress testing and find room for improvement. For example, only 7% of all studies use low-dose stress-first imaging instead or rest and stress, although stress-first imaging has the potential to decrease radiation exposure by 75%. Other radiation minimization strategies that also appear underused are the use of newer camera systems and decreasing the dose of radiopharmaceuticals, with maintenance of image quality by increasing imaging time. Because there are more than 10 million nuclear stress tests performed annually, a profession-led campaign to decrease radiation exposure would maintain the benefits of testing but lower the rate of cancers due to these procedures in the next decades significantly. Documenting the current practice is the first and an important step in the move to reduce radiation exposure for our patients. ; by 2006, CT and magnetic resonance imaging examinations were the fastest-growing physician-directed Medicare expenditure. 3, 4 An uncertain proportion of these examinations represent overuse. 5 There are little published data on the frequency of duplicated high-cost imaging examinations, 6 but economic modeling suggests that cost savings from reducing redundant radiologic testing would be substantial. 7 Because unnecessary duplication of CT examinations contributes to an increasingly strained medical payment system and exposes patients to unnecessary potential risks of radiation and intravenous contrast, 2, 8, 9 we sought to determine whether alerting an ordering health care provider to the presence of a potentially redundant recent CT examination via decision support in a computerized physician order entry system (CPOE) can reduce repeated testing.
Methods. Institutional review board approval was obtained for this prospective controlled trial, performed at Brigham and Women's Hospital, a 752-bed urban tertiary academic medical center in Boston, Massachusetts. We entered all CT orders initiated in the CPOE system (Percipio; Medicalis Corp) from January 1, 2010, through May 31, 2010, that resulted in display of an intravenous contrast risk questionnaire at the time of order entry (approximately 98% of all CT orders placed during the period). Duplicate decision support (DDS) alerts the ordering provider to a potentially redundant recent CT (one performed on the same body part within 90 days of the index CT order). Links to images and radiology reports for these prior CT examinations are displayed. Following the alert, the user may proceed with, cancel, or abandon the order.
Information regarding orders and ordering health care providers was collected via the order entry system including patient age and sex, the clinical setting, examination type, and body part imaged. User cancellation events were recorded by the CPOE system. In addition, 200 CT orders were randomly selected: half that had triggered the DDS logic and half that had not. The appropriateness of DDS triggering was assessed by manually comparing these with the record of prior CT examinations in the electronic medical record.
The intervention group included CT orders for which both the DDS and contrast questionnaire were presented; the control group included those CT orders displaying the contrast questionnaire only. The primary outcome measure was the proportion of CT orders cancelled following DDS presentation. True cancellations were those cancelled or abandoned by the user at the time of entry and not reordered within 24 hours. Cancellation rates were defined as the ratio of true cancellation events to the total number of CT orders.
The DDS algorithm was assessed by calculation of sensitivity, specificity, accuracy, and positive and negative predictive value. We estimated 95% confidence intervals using the Wilson score method and statistical significance by practice setting using a 2 analysis. Statistical analyses were performed using JMP9 software (SAS Institute).
Results. Compared with manual medical chart review, the DDS alert was 96.9% sensitive (95% CI, 0.91-0.99) and 93.3% specific (95% CI, 0.87-0.97) with a positive predictive value of 93.0% (95% CI, 0.89-0.97), negative predictive value of 97.0% (95% CI, 0.92-0.99), and accuracy of 95.0% (95% CI, 0.92-0.98).
A total of 34 625 CT orders were initiated during the study period. After eliminating scans for research or administrative purposes, 33 523 clinical CT orders remained. Approximately one-third of these (33.6%) had a recent potentially redundant CT examination, triggering the DDS alert. The intervention group comprised the 11 074 orders activating both the DDS and contrast safety questionnaire. Within the remaining 24 596 CT orders, 21 784 (65.0%) activated the questionnaire alone and comprised the control group. Patient age and sex were similar across the intervention and control groups.
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Presenting an alert at the time of order entry resulted in a significantly higher proportion of canceled CT orders compared with CT orders not triggering the alert (6.0% [661 of 11 074] vs 0.9% [194 of 22 281], or a greater than 6-fold increase; P Ͻ .001) across all practice settings ( Table 1 and Table 2 ). The odds ratio of order cancellation differed by practice setting, ranging from 19.3 (95% CI, 10.3-36.1) in the primary care clinic to 4.0 (95% CI, 2.8-5.9) in the outpatient surgical clinics.
Discussion. In our study, for nearly one-third of CT orders attempted, a CT examination had been performed on the same body part in the prior 90 days. A CPOEembedded DDS notifying ordering health care providers of these potentially redundant examinations resulted in a 5.1% CT order cancellation rate attributable to DDS. The net effect was cancellation of 1.7% of all CT orders placed during the study period (33.6% ϫ 5.1%). Given the large number of CT studies performed in the United States, even small reductions in unnecessary duplication could prove beneficial. If our findings are confirmed by others, using decision support to notify providers to the presence of recent similar imaging studies may be an effective tool to reduce waste while improving patient safety. 
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Developing a Model for Attending Physician Workload and Outcomes
W
ith increased economic pressures on hospitals, limitations on resident physician hours, and payment reductions for preventable harms, hospitals seek to increase productivity while improving the quality of patient care. Frequently, relative value units and patient encounters are used to track physician productivity and establish national benchmarks.
1,2 However, productivity varies based on a range of characteristics that are not generally reported, limiting the accuracy of comparisons across institutions. Also, comprehensive process and outcome measures from different stakeholders' perspectives need to be established to align diverse health care interests, ensure widespread acceptability, and provide comprehensive goals. 3 In the present study, we (1) identify an actionable measure of attending physician workload; (2) characterize factors accounting for differences in workload; and (3) identify a congruent set of measures that would be valued by disparate stakeholders.
Methods. We performed in-depth semistructured interviews with 8 hospitalist program directors in the Maryland/ District of Columbia region exploring measures of workload, factors causing its variation, and potential safety and quality concerns. We then used a modified Delphi technique with small groups of hospitalists, nonphysician practitioners, house staff, and hospital administrators from private, academic, and community hospitals. Participants identified, critiqued, organized, and operationalized characteristics affecting attending workload. The authors also performed a stakeholder analysis and reviewed the nurse staffing and resident physician work hours literature to identify pertinent patient safety and quality outcomes for attending physicians. 4, 5 Results. We found that workload was frequently tracked both as number of patient encounters and relative value units. Hospitalist directors reported difficulty in predetermining the relative value units of a particular service or shift, but the number of encounters could be tracked easily and controlled through systematic mechanisms.
Factors identified as affecting workload centered around physician, hospital, team, and patient characteristics (Figure) . Physician characteristics included demographics, practice environment, work day activities, and compensation; hospital factors were primarily location and services related. Team characteristics included assistance, delegation of tasks, geographical localization of patients, and system controls for patient volume. Important characteristics of the patient group served included age, complexity of care, and access to health care.
Our literature review and stakeholder analysis revealed outcomes considered attributable to attending physicians: tests, radiographs, procedures and consultations ordered; critical value response time; medication errors; incident reports; morbidity; mortality; completeness of treatment discussions; patient satisfaction; and overall quality of care. Other suggested measures included procedure, test, admission or discharge delays; number of patients cross-covered; handoffs; transfers to higher levels of care; medication reconciliation; communication with the primary care provider; and readmission.
Discussion. This is the first study, to our knowledge, to explore attending physician workload, develop a model for factors that may affect it, and identify generalizable process and outcome measures for attending physicians. Both relative value units and patient encounters are typically reported as hospitalist benchmarks, 1 but participants believed that number of patient encounters could be more easily tracked and intervened on in real time. They also identified factors affecting workload as physician, hospital, team, and patient characteristics. Of these categories, team structure is likely the most modifiable. By using different team structures, such as with house staff or midlevel care providers, workload and efficiency may be improved. 6 From our review of the literature and stakeholder analysis, we found that pertinent process and outcome measures centered around the hospitalization and transitions of care. Hospitalization outcomes focused on reducing unnecessary testing and consultation, increasing patient flow, addressing safety concerns, and providing high-quality patient-centered care. Transition of care measures focused on potential patient care delays and preventing clinical decompensation and readmission. Re-
